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ABSTRACT
Used cooking oil (UCO) is one of the potential substitutes for conventional biodiesel feedstock. In this study, different types of 
macroporous cation exchange resins, namely RCP160M, RCP145H, PK228LH, PK216LH, PK208LH, SK104H and SK1BH, were used as 
catalysts in the UCO esteriﬁcation process. These resins were characterised using Fourier transform infrared spectroscopy (FT-IR), 
nitrogen physisorption, scanning electron microscopy (SEM), an elemental analyser (CHNS), titration and a particle size distribution 
(PSD) analyser to determine their physicochemical properties. These catalysts were screened and RCP160M resin was found to 
give the best catalytic performance. RCP160M was used in subsequent studies focusing on the effect of different esteriﬁcation 
variables. A conversion rate of 95% of free fatty acid (FFA) was achieved at the optimum condition with catalyst loading of 4 wt. %, 
reaction temperature of 60C, and methanol-to-oil mass ratio of 18:1. RCP160M shows great potential as a catalyst in the biodiesel 
pre-treatment process as it outperformed the other catalysts and yielded maximum FFA conversion. This may be attributed to its 
higher speciﬁc surface area and total pore volume. The kinetic results revealed that the experimental data was best ﬁtted to the 
Eley-Rideal model (Case II) with the activation energy of 37.2 kJ mol¡1.
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Introduction
In recent years, the demand for biodiesel as a fuel has
been escalating due to the depletion of petroleum
resources. Reﬁned vegetable oils such as soybean oil,
palm oil and sunﬂower oil are the common feedstocks
used in biodiesel production. This scenario leads to the
controversial food versus fuel dilemma, contributing to
higher biodiesel production cost. To improve the eco-
nomic competitiveness of the process, in-depth studies
have been conducted and focus is placed on the devel-
opment of new technologies to enable the usage of
waste oil as the raw material. A number of studies have
shown that non-edible feedstocks such as non-edible
vegetable oils, waste oils and animal fats are the best
replacements for conventional edible oil [1–3]. How-
ever, the utilisation of waste oils as feedstock is limited
due to the presence of high content of free fatty acid
(FFA). With the high FFA content (>1%) in the feed-
stock, the base-catalysed transesteriﬁcation process
becomes ineffective due to the occurrence of side
reactions, i.e. saponiﬁcation and hydrolysis. Therefore,
the pre-treatment of FFA using esteriﬁcation is essen-
tial to reduce the level of FFA in this low-cost
feedstock.
Nowadays, heterogeneous solid acid catalysts have
become a promising alternative in developing a better
quality of biodiesel feedstock. These catalysts have sev-
eral advantages such as easy separation from the reac-
tion mixture, low corrosiveness, eco-friendliness, good
stability and reusability [4–5]. In particular, ion exchange
resins have received much attention among researchers
due to their ability to catalyse the esteriﬁcation reaction
in mild reaction conditions. They are also known to
have a high concentration of acid sites, which exhibit
high catalytic activities during the reaction [6]. Cation
exchange resins such as Amberlyst-15, NKC-9, Purolite
D5081 and SK104 were found to have high tolerance to
the FFA content and showed good performance in the
esteriﬁcation reaction [7–10]. The cation exchange resins
can be divided into gelular or macro-reticular resins
depending on their polymeric structure. Yunus et al. [10]
investigated the esteriﬁcation of used cooking oil using
gelular resins (i.e. SK104H and SK1BH) as catalysts. They
found that SK104H exhibits higher FFA conversion as
compared to SK1BH due to its high acid capacity value
and small average particle size. Although macro-reticular
resins have a lower swelling property than gelular resins,
they have the advantage of a ﬁxed size of pores, which
assists reactants in accessing the acid sites. Furthermore,
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